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INTRODUCTION

Predicting doses to individuals who live near a nuclear waste repository
requires careful modeling of the repository excavation, its backfill, and its effect on
surrounding hydrologic conditions. Availability of waste to individuals always starts
with radionuclide release from one of many spatially separated canisters in a
repository. The transport of waste from each canister to an individual can occur by
many different pathways. An observer, were he able to follow the migration of the
many waste pulses to a biosphere release point, would see a system of pulses moving
through various pathways, at different times, and finally impacting a biosphere
release point.

Point-source repository (PSR) models, which in many cases have only a single
sequence of pathways to a release point, ignore network detail, spatial separation
and branching that occur within a real repository.1'3 The spatial extent of a
repository leads to initial dilution of the radioactivity within the repository. Since
dilution is important for calculating individual doses, a model has been developed to
study network effects on dilution.

In this work we consider distances to about 5 km. This requires careful
calculation of the trajectory of the release plume from each canister. Our model
provides the sort of relative effects which might be obtainable by designing and
modifying hydrologic networks and their physical attributes so as to reduce
individual doses. Also, when comparing absolute values of the impacts of nuclear
power generation with other technologies, say, coal-fired generation of power, it is
unwise and possibly misleading to assume worst-case values in one technology which
could lead to results that are orders of magnitude too high for that technology,
especially when commensurate assumptions cannot be made in other technologies.
The PSR assumption is such a worst-case assumption when it is used to predict
individual doses which are used for comparison with other hazards.

MODELING APPROACH

We have linked several LLNL numerical tools to determine the approximate
magnitude of conservatism inherent in the point-source repository assumption. The
intent was to build a model that allows individual dose to be sensitive to repository
network features (RNF). By varying the network of an RNF model from (1) a point
source model to (2) a detailed network model with multiple source terms, multiple
boundary eonditions, and multiple pathways, a relative measure of the conservatism
of the PSR model is obtainable.

The RNF model is designed to specify more repository detail by approximating
the flow field with linked one-dimensional flow-path segments. The solution of the
convective-diffusion equation for waste transport is approximated by a
Gaussianshaped pulse versus time. :



We have assumed three different radionuclide groups: the actinides, the
cation fission products and the anion fission products. Each group moves within a
flow path with a characteristic velocity specified by its Kq for that path.4 To.
avoid costly integrations over initial pulse configurations, we have assumed
time-truncated Gaussians with radioactivity contained between plus and minus two
standard deviations. :

RESULTS

Calculations show that substantial reductions in peak individual dose can oceur
when a detailed network model is employed rather than a PSR model. In fact, in
some scenarios where MPC,, at a biosphere release point is predicted to be
exceeded by a PSR model, we found that network effects can reduce these doses to
acceptable levels; thus, the excess dose can be attributed to the PSR assumption or
to poor repository design, not to unalterable site physical conditions.

Another dose reducing effect is that all canisters do not release their
radionuclides simultaneously. In fact, individual canisters will be surrounded by
different hydrologic conditions. These conditions will affect the time when releases
occur. In lieu of information required to correlate canister corrosion rates to
hydrologic conditions, we have used uncorrelated probability distribution funetions
for canister times of release and pulse widths. Varying the standard deviation of
these parameters has a similar effeet to varying the transport dispersion
coefficient. A larger standard deviation in the initial-release-time parameter, for
example, tends to dilute the radioactivity and thus lower the peak dose; however,
for some secenarios individual doses can be increased because shortdived
radionueclides escape which would not escape for smaller standard deviations.

Some sensitive parameters in PSR models® are shown here to have less
sensitivity on peak dose in a network model. This happens because a network model
shadows these effects due to its many sources, pathways, and times of release. For
example, we have studied the effect of choosing a Gaussian-shaped pulse as an
approximation to a more exact solution to the convective-diffusion transport
equation. It was found that the functional form of the pulse's shape has less effect
on peak dose for an RNF model than for a PSR model. The main reason for this
insensitivity in the RNF model was found to be that an individual drinking from a
water well, for example, is actually being affected simultaneously by many pulses of
radioactivity, especially around the time of peak dose. The value of peak dose is
more strongly affected by the timing of pulses than it is by the shape of pulses.

SUMMARY
The PSR assumption can result in substantial over prediction of peak individual

doses. Hydrologic engineering of the flow paths of a repository can cause dramatic
changes in near-field doses.



REFERENCES ‘

1.

2.

5.

H. C. Burkholder, M. O. Cloninger, D. A. Baker, and G. Jansen, "Incentives for:
Partitioning High Level Waste," Nuclear Technology, 31:202, 1976.

J. E. Campbell, P. C. Kaestner, B. S. Langkopf, and R. B. Lantz, "Risk
Methodology for Geologic Disposal of Radioactive Waste: The Network Flow
and Transport (NWTF) Model," Sandia National Laboratory, Albuquerque
NUREG/CR-1190, SAND 79-1920, February 1980.

A. M. Kaufman, L. L. Edwards, and W. J. O'Connell, "A Repository
Post-Sealing Risk Analysis using MACRO," Proceedings of the Symposium on
Waste Management, Tucson, Arizona, March 10-14, 1980, p. 109.

L. L. Edwards, "MACROl: A Code to Test a Methodology for Analyzing
Nuclear-Waste Management Systems," Lawrence Livermore National
Laboratory, UCRL-52736, December 14, 1979.

R. A. Heckman, D. F. Towse, D. kherwood, T. Harvey, and T. Holdsworth,
"High Level Waste Repository Site Suitability Study - Status Report,"
Appendix N, Lawrence Livermore National Laboratory, NUREG/CR-0578,
UCRL-52633, July 1979.

TFH:elm:0052G

DISCLAIMER

This document was prepared as an account of work sponsored by an agency of
the United States Government. Neither the United States Government nor the
University of California nor any of their employees, makes any warranty, ex-
press or implied, or assumes any legal liability or responsibility for the ac-
curacy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial products, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United
States Government thereof, and shall not be used for advertising or product en-
dorsement purposes.



